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First Complete Genome Sequences of Genogroup VI Porcine Sapoviruses 
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Sapoviruses, members of the family Caliciviridae, are genetically diverse and divided into multiple genogroups. Only a few com- 
plete genome sequences of animal strains are available. We report the first complete genome sequences of genogroup VI sapovi- 
ruses, those of strains JJ674 and JJ681, isolated from fecal samples from diarrheic pigs. 



Received 12 March 2014 Accepted 18 March 2014 Published 3 April 2014 

Citation OkaT, Saif U, Yang Z, Scheuer KA, Stoltzfus GT, Wang Q. 2014. First complete genome sequences of genogroup VI porcine sapoviruses. Genome Announc. 2(2): 
e00275-14. doi:l 0.1 1 28/genomeA.00275-14. 

Copyriglit © 201 4 Oka et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license. 
Address correspondence to Qiuhong Wang, wang.655@osu.edu. 



Sapoviruses (SaVs), members of the family Caliciviridae, have 
been isolated from humans, swine, mink, dogs, sea lions, and 
bats. The SaV genomes are divided into 14 genogroups (geno- 
group I [GI] to GXIV) based on the capsid sequences (1). Cur- 
rently, complete genomes are available only for GI to GV, GVII, 
and GXIV SaVs. We determined the full-length genome sequences 
of two GVI SaVs, Po/SaV/GVI/OH-JJ681/2000/US (JJ681) and 
Po/SaV/GVI/OH-JJ674/2000/US (1J674), isolated from feces from 
two diarrheic postweaning pigs from the same Ohio farm on 
22 December 2000 (2, 3). The 3'-end 3-kb sequence of JJ681 has 
been reported previously (2). The upstream region (1.5 kb) of 
JJ681 was amplified by nested reverse transcription (RT)-PCR us- 
ing random hexamers (Invitrogen) and gene-specific reverse 
primers with Z-Taq DNA polymerase (TaKaRa) and GoTaq DNA 
polymerase (Promega). Then, the region farther upstream (1.5 
kb) was amplified using a forward primer, designed based on an 
SaV conserved motif corresponding to nucleotides (nt) 1,408 to 
1,421 of the Po/SaV/GIII/Cowden strain (GenBank accession no. 
AF182760) (4) and a specific reverse primer using EX-Taq DNA 
polymerase (TaKaRa). The 5 '-end 1.4-kb region was determined 
by the 5 '-RACE method. Briefly, homopolymeric (dC or dA) tail- 
ing and nested PGR were performed with gene-specific primers 
and the abridged anchor primer (AAP) (5'- 
GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG-3 ' ) and 
the abridged universal primer (AUAP) (5'- 
GGCCACGCGTCGACTAGTAC-3') (Invitrogen) for poly(C)- 
tailed cDNA and primers QT (5'-CCAGTGAGCAGAGTGACGA 
GGACTCGAGCTCAAGCTTTTTTTTTTTTTTTTT-3') (5) and 
QO (5'-CCAGTGAGCAGAGTGACG-3') (5) for poly(A)-tailed 
cDNA. Each PGR product was sequenced after being cloned into a 
pCR4 Topo vector (Invitrogen). To confirm 11681 sequences, 
three overlapping PGR fragments (0.6 kb, 2.4 kb, and 2.7kb) cov- 
ering the 5'-end genomic region, including the 5' untranslated 
region (5'-UTR) and most of open reading frame 1 (ORFl), were 
amplified with PrimeStar HS DNA polymerase (TaKaRa) and se- 
quenced following cloning into a pCR4 Blunt-Topo vector (Invit- 
rogen). We also analyzed the entire genome of the JI674 strain 
using primer sets designed based on the JI68 1 strain and PrimeStar 



HS DNA polymerase. The six overlapping PGR fragments (0.3 kb, 
1.4 kb, 2.0 kb, 1.7 kb, 1.7 kb, and 3.4 kb) were sequenced directly. 

The full-length genome sequence was assembled and analyzed 
by the Sequencher version 4.10.1 program (GeneGodes) and 
Genetyx Mac version 16.0.4 software (Genetyx Corporation). 

The genomes of JJ681 and JJ674 consist of 7,198 nt, excluding 
the poly(A) tail. The genomes were predicted to contain two 
ORFs: nucleotide positions 1 1 to 6,667 (ORFl) and 6,664 to 7,170 
(ORF2). The predicted 5'- and 3' -UTRs were 10 nt and 28 nt long, 
respectively. A single amino acid difference between the JJ681 and 
IJ674 strains was predicted in ORF2. 

Based on the predicted ORFl amino acid sequences, the newly 
determined GVI SaVs are closest (53%) to the Po/SaV/GVII/K7 
strain (GenBank accession no. AB221130) (6). 

The accumulation of complete genome sequences of multi- 
ple genogroups of SaVs is essential to establish classification 
schemes based on both nonstructural and structural regions to 
assess virus recombination, to design broadly reactive or 
genogroup-specific reverse transcription (RT)-PGR assays, 
and to identify the key structural and functional amino acid 
residues in viral protein(s). 

Nucleotide sequence accession numbers. The genome se- 
quences of 1J674 and 1168 1 have been deposited in GenBank under 
the accession numbers KJ508818 and AY974192, respectively. 

ACKNOWLEDGMENTS 

This work was supported by grants from 201 1-68003-30395 (L. A. laykus, 
program director [PD]; L.j.S. and Q.W., subaward principal investigators 
[Pis] ) from the U.S. Department of Agriculture. Salaries and research 
support were provided by state and federal funds provided to the Ohio 
Agricultural Research and Development Center (OARDC), the Ohio State 
University. Sequencing was performed at the Molecular and Cellular Im- 
aging Center, OARDC, the Ohio State University. 

We appreciate Gary Bowman's assistance in sample collection. 

REFERENCES 

1 . Scheuer KA, Oka T, Hoet AE, Gebreyes WA, Molla BZ, Saif LJ, Wang Q. 
2013. Prevalence of porcine noroviruses, molecular characterization of 



March/April 2014 Volume 2 Issue 2 e00275-14 



Genome Announcements 



genomea.asm.org 1 



Oka et al. 



emerging porcine sapoviruses from finislier swine in the United States, and 
unified classification sclieme for sapoviruses. J. Clin. Microbiol. 51: 
2344-2353. fittp://dx.doi.org/10.1128/JCM.00865-13. 

2. Wang QH, Han MG, Funk JA, Bowman G, Janies DA, Saif LJ. 2005. 
Genetic diversity and recombination of porcine sapoviruses. J. Clin. Micro- 
biol. 43:5963-5972. http://dx.doi.org/10.1128/JCM.43.12.5963-5972.2005. 

3. Wang QH, Souza M, Funk JA, Zhang W, Saif LJ. 2006. Prevalence of 
noroviruses and sapoviruses in swine of various ages determined by reverse 
transcription-PCR and microweU hybridization assays. J. Clin. Microbiol. 
44:2057-2062. http://dx.doi.org/10.1128/JCM.02634-05. 



4. Guo M, Chang KO, Hardy ME, Zhang Q, Parwani AV, Saif LJ. 1999. 
Molecular characterization of a porcine enteric calicivirus genetically re- 
lated to Sapporo-like human caliciviruses. J. Virol. 73:9625-9631. 

5. Scotto-Lavino E, Du G, Frohman IVLA. 2006. 5' end cDNA amplification 
using classic RACE. Nat. Protoc. 1:2555-2562. http://dx.doi.org/10.1038 
/nprot.2006.480. 

6. Yin Y, Tohya Y, Ogawa Y, Numazawa D, Kato K, Akashi H. 2006. 
Genetic analysis of calicivirus genomes detected in intestinal contents of 
piglets in Japan. Arch. Virol. 151:1749-1759. http://dx.doi.org/10.1007/s0 
0705-006-0750-y. 



2 genotmea.asm.org 



Genome Announcements 



March/April 2014 Volume 2 Issue 2 e00275-14 



